tions [7, 13] , and non-linear [14] or no associations [15] . A potential explanation for these conflicting findings is that BMI is the best adiposity measure in the elderly. Thus, we compared the association between different baseline adiposity measures and cognition longitudinally in the Cardiovascular Health Study (CHS).
Methods
CHS is a population-based cohort study of cardiovascular disease in older adults. In 1989-1990, 5,201 ambulatory, non-institutionalized men and women aged 65 years and older were recruited from a random sample of Medicare-eligible residents in four US communities: Forsyth County, North Carolina; Sacramento County, California; Washington County, Maryland, and Allegheny County, Pennsylvania. A supplemental cohort of 687 predominantly African-American men and women was recruited during 1992 and 1993 from three of the same communities (excepting Washington County) using the same sampling and recruitment methods. Each center's institutional review committee approved the study and all participants gave written informed consent. Details on the study methods have been published previously [16, 17] .
We excluded 108 persons without bioelectrical impedance analysis (BIA) data, 267 without cognitive scores, 191 without follow-up, 6 because of implausible adiposity values, and 686 with missing covariates (666 did not provide consent for analysis of genetic data for non-CVD endpoints and were missing information on apolipoprotein E 4 (APOE-4) genotype. The final sample was comprised of 4,630 participants.
Participants underwent a comprehensive baseline evaluation including questionnaires, physical examination, anthropometry, cognitive assessment, and laboratory testing. Descriptions of data collection methods have been reported previously [17] .
Body Composition Measures
Trained personnel performed anthropometric measurements using standardized protocols. Participants wore standard examination suits and no shoes. Standing height was measured using a stadiometer calibrated in centimeters. Body weight was measured using a balance beam scale calibrated in kilograms. Waist circumference (WC) was measured at the umbilicus. BMI was calculated as weight (kilograms) divided by height squared (square meters). BIA was conducted at baseline with participants in a supine position using a TVI-10 body composition analyzer (Danninger Medical, Columbus, Ohio, USA). Four adhesive electrocardiograph electrodes were placed in standard distal positions on the dorsum of the right hand and foot and resistance was measured at 50 kHz. Fat-free mass was calculated as 6,710 ! height 2 /R + 3.1 ! S + 3.9, where height 2 is standing for height in meters squared, R is resistance in ohms, and S is sex (0 = females, 1 = males) [18] . Fat mass was calculated as body weight minus fat-free mass. Body composition measures were categorized as sex-specific quintiles.
Cognitive Measures
Cognitive function was measured annually during in-person visits from 1990 to 1999 using the 100-point modified Mini-Mental State (3MS) examination [19] and the Digit Symbol Substitution Test (DSST). The 3MS and the DSST were the primary outcomes in these analyses. The 3MS is a measure of global cognition. The DSST is a measure of executive cognitive abilities. Beginning in 1996, participants who did not attend the in-person visit were contacted by phone and asked to complete the Telephone Interview for Cognitive Status (TICS), a brief telephone interview consisting of 11 items designed to identify cognitive impairment in Alzheimer's disease patients [20] . The TICS was used to impute missing 3MS data. We generated a composite cognition score by first standardizing 3MS scores and DSST scores (by subtracting the mean and dividing by the standard deviation of each respective test) and then adding together the standardized scores for each participant.
Other Covariates
Age, gender, race, years of education, and smoking were based on self-report. Diabetes was identified on the basis of a fasting glucose concentration of 6 126 mg/dl or use of diabetes medications. APOE-4 genotyping was performed using the method of Hixson and Vernier [21] only for participants who provided consent for genetic analysis.
Statistical Analysis
We calculated Spearman correlation coefficients for pairs of adiposity measures. We categorized participants by sex-specific quintiles of BMI, WC, and fat mass by BIA, using the lowest quintile as the reference group.
Previous research in CHS has indicated that participants experiencing greater cognitive decline were less likely to participate in the in-person visits [22] . To minimize the influence of this type of non-participation on the assessment of cognitive function over time, we used a regression model based on the TICS developed and validated in CHS [22] to estimate missing 3MS scores during 1996-1999. A total of 1,052 out of a total of 33,068 (3%) 3MS scores were imputed among participants with TICS scores missing 3MS scores at one or more annual assessments. No such model was available for the DSST, and DSST analysis included only observed scores.
We used linear mixed models to examine the association between baseline adiposity measures, categorized as sex-specific quintiles, and change in cognitive scores from 1990 to 1999. Separate models were fit for BMI, WC, fat mass, and fat-free mass. All models were adjusted for baseline age, gender, race (black, nonblack), educational attainment ( ! high school, high school or more), field center, baseline smoking (never, former, current), and APOE-4. Models were not adjusted for variables considered mediators between adiposity and cognitive decline, such as diabetes. Three output categories are presented: (1) main effect coefficients and 95% confidence intervals (CI) comparing cognitive scores across quintiles of adiposity measure using the first (lowest) quintile as the reference; (2) the coefficient and 95% CI for time, and (3) the coefficient and 95% CI for the interaction term of adiposity quintile and time. Coefficients of the main effect adiposity terms are interpreted as the average point difference in baseline cognitive scores between each adiposity category and the reference group. The time coefficient is interpreted as the average annual change in cognitive scores over follow-up in the reference group (e.g. a negative coefficient indicates decline in scores over time). The coefficient of the adiposity by time interaction is interLuchsinger et al. 276 preted as the average annual difference in slopes (rates of change in scores) between participants in each adiposity category compared to the reference. For example, if the coefficient for time is -1 (indicating an average decline of 1 point per year in the reference group), and the coefficient for the interaction term of time and the fifth quintile of an adiposity measure is 0.25, this indicates that cognitive decline was less pronounced in the fifth quintile compared to the reference by 0.25 points.
We conducted sensitivity analyses to address potential biases. We excluded current smokers (521), persons with a history of cancer (237), persons with incident cancer (214), persons who died in the first 3 years of follow-up (76), and persons who were lost to follow-up in the first 3 years (128). We also restricted our analyses to 3,017 persons with reported good health, including never smokers, excellent, good, or very good self-reported health, and no reported unintentional weight loss. Finally, we conducted analyses in 4,454 persons without reported congestive heart failure at baseline and in 3,933 persons without congestive heart failure, myocardial infarction, or stroke at baseline. Statistical analysis was performed using Stata software version 10.1 (StataCorp, College Station, Tex., USA).
Results
The final sample included 2,681 women (57.9%) and 1,949 men (42.1%) aged 73.0 8 5.2 and 73.9 8 5.6 years, respectively. Table 1 shows general characteristics by BMI and sex categories. BMI (r = 0.80 and r = 0.90, among men and women, respectively) and WC (r = 0.81 and r = 0.77) were strongly correlated with fat mass, while fat-free mass (r = 0.23 and r = 0.43) was modestly correlated. Fasting insulin, glucose, low-density lipoprotein, C-reactive protein, and interleukin 6, all increased with increasing adiposity quintiles (fat mass, BMI, WC), while high-density lipoprotein decreased (p ! 0.0001 for all associations). Tables 2 and 3 show the results of longitudinal analyses. As expected, 3MS, DSST, and composite scores decreased over time, indicated by a statistically significant negative time coefficient. A summary of results from adjusted analyses by each adiposity measure follows.
Body Mass Index. For the 3MS, only the baseline score of the 4th quintile was positive and statistically significant, indicating higher scores, compared to the first quintile ( table 2 ). All interaction terms were positive, indicating that compared to the lowest BMI, the higher quintiles had slower decline in 3MS scores over follow-up. For the DSST, BMI quintiles were not related to baseline scores. Only the interaction term for the 5th quintile of BMI was statistically significant and positive, indicating that compared to the first BMI quintile, the 5th quintile had a slower decline in the DSST. For the composite scores, BMI quintiles were not related to baseline scores. The interaction terms for the 4th and 5th quintiles of BMI were positive and statistically significant, indicating that decline in the composite scores was slower for the highest BMI quintile compared to the lowest one.
Waist Circumference. For the 3MS, WC quintiles were not associated with baseline scores ( table 2 ) . The interaction terms for the 2nd, 4th and 5th WC quintiles were positive and statistically significant, indicating that compared to the 1st quintile, a higher WC quintile was related to slower decline. For the DSST, there was no association between WC quintiles and the baseline scores. The interaction terms were not statistically significant, indicating that there was no difference in decline among WC quintiles. For composite scores, there was no association between WC quintiles and the scores. Only the interaction term for the 4th WC quintile was positive and statistically significant, indicating that composite score decline was slower for the 4th quintile compared to the first quintile.
Fat Mass. For the 3MS, higher fat mass was associated with higher baseline scores for the 2nd, 3rd, 4th and 5th quintiles compared to the 1st ( table 3 ). All the interaction terms were positive and significant indicating less decline with higher fat mass. For the DSST, fat mass was not associated with baseline scores. Interaction terms for the 4th and 5th quintiles were positive and statistically significant, indicating slower decline with higher fat mass. For the composite score, higher fat mass was associated with higher baseline scores for the 2nd, 3rd, 4th and 5th quintiles compared to the 1st. All the interaction terms were positive and significant indicating less decline with higher fat mass.
Fat-Free Mass. For the 3MS, the 3rd, 4th, and 5th quintiles were associated with higher baseline scores compared to the first quintile ( table 3 ). The interaction terms for all fat-free mass quintiles were positive and significant, indicating that those with higher fat-free mass showed slower decline compared to the first quintile. For the DSST, baseline scores were higher in the 3rd quintile of fat-free mass compared to the first quintile. None of the interaction terms were significant indicating that fat-free mass was not related to decline. For the composite score, the 3rd, 4th and 5th quintiles were associated with higher baseline scores. The interaction terms were positive and significant for the 2nd, 3rd and 5th quintile, indicating a slower decline with higher fat-free mass compared to the first quintile.
Sensitivity analyses for all adiposity measures showed associations in the same direction and with similar effect estimates as for the main analyses. 
Discussion
Adiposity measured at baseline as BMI, WC, or fat mass was inversely related with decline in 3MS over 8 years. A similar association was found for fat-free-mass. We observed a similar association for DSST scores in relation to BMI and fat mass.
In CHS, higher middle-age BMI is related to higher dementia risk, whereas higher older-age BMI in the same population was related to lower dementia risk [7] . This finding summarizes the existing literature, in which middle-age obesity measured with BMI is associated with dementia risk in old age [9, 10] , whereas studies examining BMI in older age report conflicting findings [12] [13] [14] 23] . Studies examining the association between adiposity and cognitive decline show inconsistent results. In Sweden, higher middle-age BMI was related to greater composite cognitive decline [24] . In the Framingham Study, obesity was related to cognitive decline in men, but not women aged 55 years and older [25] . In the Baltimore Longitudinal study of Aging, higher BMI and waist-tohip ratio was related to worse decline in global and memory tests, but with improved performance in tests of attention and visuospatial ability [26] . A study of elderly South Koreans found that obesity was related to better cognitive performance in men, but worse cognitive performance in women [27] . We found that for both sexes higher adiposity was related to better baseline performance and slower decline in the 3MS across different adiposity measures. Similar inverse associations have been reported for BMI and other outcomes such as mortality [28] and hospitalization [29] in the elderly, in whom BMI seems to be a poor adiposity measure [30] . However, we found that adiposity was inversely associated with cognitive decline whether it was measured with BIA, WC, or BMI. There was a similar association for fat-free mass. These findings suggest that both higher adiposity and lean body mass in the elderly are markers of better cognitive health. These associations were more consistent for the 3MS compared to the DSST. The DSST is a sensitive measure of frontal-executive abilities, frequently impaired by cerebrovascular disease [31] , whereas global cognition captures multiple domains, including shortterm memory, most affected by neurodegenerative con- ditions such as Alzheimer's disease [32] . Thus, it seems reasonable to speculate that the observed associations were driven by the presence of neurodegenerative disease and not vascular disease. Our speculation is supported by the observation that weight loss precedes dementia diagnosis by decades [33] . Our results also suggest that higher adiposity in the elderly may be protective for cognition. However, higher fat mass, WC, and BMI are related to a worse metabolic and inflammatory profile in CHS [34] . We can only speculate on potential beneficial effects of adiposity on cognition. Estrogens are higher in elders with higher adiposity due to peripheral androgen conversion to estrogens, which may have cognitive benefits [35] . Leptin, elevated in obesity, may be neuroprotective [36] , and higher leptin was associated with decreased dementia risk in the Framingham Study [37] .
Our analyses addressed whether our findings were explained by confounding, bias, or chance. Most of our results did not change when we adjusted for covariates, or after excluding persons with cancer or smokers. Reverse causality was partially accounted by excluding persons who died within 3 years of baseline. We cannot rule out survival bias because persons with conditions that affect adiposity could have died before enrollment in CHS. In terms of chance, most of our results were consistent across multiple analyses.
Conclusions
Higher adiposity ascertained by several measures and high fat-free mass in the elderly are related to slower cognitive decline. These findings are only generalizable to the elderly population in the United States and studies in other studies are needed.
